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ABSTRACT It is an urgent thing how to control the quality of large size GH4169 ingots nowadays.
The high Nb element content in this alloy can increase the tendency of freckle defect formation. Though
almost all the investigators consider that the segregation of Nb–riched Laves phase is the key factor of
the freckle defect, how to avoid this phenomenon is still a hard–to–solve problem in engineering practice.
In this work, a new prototype system based on classical dynamical model related to basic metallurgy
theory was established to simulate the dynamical dissolving process of precipites evolution in nickel base
superalloys. In this prototype system, the parameters related to the thermodynamic equilibrium state
can be got from thermodynamic software of Thermo–Calc, the solute element diffusion coefficient at any
temperature and time iterative can be got from dynamic software of Dictra. By using this prototype
system, the dissolution process of Laves phase during homogenization process with different initial
particle sizes for GH4169 alloy was simulated, and then series remelting experiments with different
cooling rates and different Laves phase distributions were carried out, and the calculated results were
in good agreement with the experimental results. This newly developed prototype system may give
great help to homogenization process design in engineering use.
KEY WORDS classical dynamical model, GH4169 alloy, Laves phase, dissolution process
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Fig.1 Simulating flowchat for dissolution process in the classical dynamical model
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=;C 0.5 `/min L, �� Laves !mh*,6@#
n,  9fXV T<CDR 50 μm, >-ABCDR
 43 μm. Q<:F=@4;IA>T, 2 Laves !9

fXV 40 μm L, : 1160 `, 20 h -,"0'_,

Laves !/8PR 75%; 2 Laves !XV 50 μm L,

!B�&+, Laves !/8PR 60%, 46=>T<R
 45%. 6=N>IAN ioki!�: (1) 6=ÆI

'!", /"0$ Laves ! p0mc9j#l!R, B

/"0;/,! 1200 `D., 3:, ! 1160 `, 20 h -

,"0''!"/"0AE.H"/8, /"0!-,"



*376 S*Z*W*U � 49 �

F 2 ��� Laves �
�������	��l��
Fig.2 Simulated results of Laves phase dissolution under different temperatures with initial particle sizes r=10 µm

(a), r=20 µm (b), r=30 µm (c), r=40 µm (d) and r=50 µm (e)

j 1 3 kmnlqjnmkl Laves kmnojopr
Table 1 Volume fraction and dissolving ratio of Laves phase under different conditions

Cooling rate Volume fraction of Laves Volume fraction of Laves Dissolving ratio

s/min phase in cast ingot phase after homogenization of Laves phase

0.5 0.020 0.011 45.00%

1 0.022 0.010 54.55%

3 0.019 0.008 57.89%

0'_[nKof<, #'6=ÆI#� ;/K#
Q; (2) = Laves !;/'!IAL, o679U*A
BGH! ;/4;, l67GH! pp#*39 
>?.

^ 3  #)�-,"1_ Laves ! CD>#n.

ÆIOW, 2;C 0.5 `/min L, Laves !mh*,
6@#n,  9fXV T<CDR 50 μm, >-AB

CDR 43 μm, lg#o 3.82; ! 1 `/min ;C+
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Fig.3 Back scattered electrons images of as–casted (a, c, e) and as–homogenized (b, d, f) for Laves phase at

different cooling rates of 0.5 s/min (a, b), 1 s/min (c, d) and 3 s/min (e, f)
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#o 3.49. ;C 1 $ 3 `/min L, Laves !B S
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Fig.4 Complete dissolution time of Laves phase under dif-

ferent initial particle sizes

!;/'! W]>T>6=>TAE)', HD$ :
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